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NATI3NAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-279 

EFFECT OF SEVERAL TAIL CONFIGURATIGNS ON ;THE STABILITf 

CHARACTERISTICS OF A MIDWII iG SUPEBSONiC-BWES MODEL 

AT MACE biBERs OF 1.60, 1.90, 2.20, AND 2.5O* 

By R. Franklin Wells and R. Noiman Silvers 

A njdwing supersonic-bomber model wss investigated In the Langley 
Unitary Plan wind tunnel to determine the effect of several tail con- 
figurations on longitudinal. and lateral stability characteristics 8t 
Mach nunibers of 1.60, 1.90, 2.20, and 2.50. 

The fuselage had a finenc ss ratio of 12.810. The wing had an aspect 
ratio of 3.20, a taper ratio of 0.40, dihedral of -e0, and 21.8' sweep 
of the quarter chord. The tails consist of two basic types, 8. T-tail 
configuration aid t i  low-tail configuration. Various nodifications of 
the T-tail configuration were obtained by the addition of the following 
components to the basic T-tail: single ventral fln. dual ventral fins, 
extended nacelles, and wedges on the vertizal tail. Two values of 
dihedral were use& on the low kcrizontal tail, -J.Oo and -30°. In addi- 
tion., wedges on the vertical tail and rudder deflections were tested with 
the lcw- tail conf icirat ion. 

Tne T-tail configuration exhibited t i  destabilizing tendency of the 
pitching-moment-coefficienc curve at the higher angles of attack. The 
low-tail configuration showed no abrupt change in longitudinal stability 
and the tztability tended to be utlaffected by Mach number. 
configuration has more effectl-re directional stability at the high angles 
of attack than the low-tail configuration. Dual ventral fins were more 
effective than a single ventral fin in increasing directional stability 
of the T-tail at high angles of attack and high Mach number. 

Tne T-tail 

* Title, Unclassified. 
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INTRODUCT I ON 
c 

An investigation was m.de of the aerodynamic characteristics of 8 
model of a supersoFic tactical borber. 
aiqlanes calls fer a subsonic cruise with a supersonic dash capability 
at Mach numbers apprcaching 3. The purpose of the investiCa-;ion was to 
determine a tail conf igxation which would have acceptable lciigitudlnal 
and lateral stability characteristics and directicnal control over the 
superscnic part of tke mission. 

Basically the mission of such 

Several different tail arrangements believed to have good aerodynamic 
Characteristics and to be feasible from the construc?ion standpoint were 
selected. Time did not permit progressive modifications to be made in 
order to arrive at a coffipletely satisfactory solution of the problems. 

A T-tail in conjunction wich a single and d u d  ventral fin and l a d  

The tail with 6. horizontal-tail dihedral of -1Co and -30' were tested. 
ru3der effectiveness was determined for several controls on the T - t a i l  
configuration. 

The present pa?er presents results obtalxied at Mach numbers of 1.60, 
1.90, 2.20, and 2.50 in the Langley Unitary Plan wind tunnei. 

The results of t h i s  in\e.;tigation ?.re presented as a brief evalua- 
tion of she longitudinal and lateral stability characteristics of the 
model with several arrangements of the s ';abilizing surfaces. 

Because of the lack of sufficient corrective drag meaeiirernents, 
drag coefficients are not presented. 

COEFFICIENTS AND sYm0-d 

A l l  longitudinal results are presented about the stability system 
of axes and a l l  lateral results are presented about the body system of 
axs. These oystems are illustrated in figure I.. 

The reference point for all moments is located In the chcrd plme 
of the wing at 25 percent of the wing Icean geometric chord. 

b w i n g  span, in. 

L i f t  lift coefficient, - 
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Xolling rnorn?r1% rolling-roment coefficient, - 
qSb 

ac 1 effective-dihedral parameter, --, ( p  = 0) aP * 

Pitching mcment 
pitching-moment coefficient, -- qsc 

slope OF piLhing-moment curve, - ac, , b L = = o j  acl id 

pitching momerit at zero lift 

Yawing moment yawing-moment coefficient, 
G b  
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ae directional-stability parameter, -, ( 3  = S i  

&n 
as, 

rudder effectiveness paraxzeter, -, (gr = 0) 

quarter shord 

wing mean geometric chord, in. 

free-stream Mach number 

free-stream dynamic pressure, lb/sq ft 



wing area inchd ing  body in te rcept ,  sq f t  

body axes, ( see  fig. l ( b ) )  

s t a b i l i t y  axes (see f i g .  . . (a))  

m,le of at tack,  rpferred t o  the chord plane of the  wing 
uncorrected for  tunnel flow angular i ty ,  deg 

angle of a t tack  at zero l i f t  corrqcted f o r  tunnel flow 
angclar i ty  , deg 

angle of s ides l ip ,  re fe r red  t o  f u e l a g e  ces te r  l i n e .  deg 

dihedral angle of t he  horizontal  t a i l ,  deg 

rudder def lect ion measured perpendicular t o  the  hinge l i n e ,  

/ 
deg 

angle of r o l l ,  0' with model wing v e r t i c a l ,  deg 

APPARATUS AND MODEIS 

t e s t s  were conducted i n  the low Mach nuliher test sect ion of the The 
Langley Unitary P lan  wind tunnel. mis tunnel is a variable  press-ue,  
continuous-flow type. 
mately 7 f ee t  i n  length. The nozzle leading t o  the  t e s t  sect ion if; of 
thc.asymmetric sliding-block type and the Mach number may be varied con- 
t iriuously through a range from approximately 1.6 t o  2. b without t.unne1 
shutdawn. 

The t e s t  sec t ion  i s  4 f e e t  square and approxi- 

Details Of the  model and model components are shown in f igures  2 
tr, 4. 
Photographs of t he  model are presented as f igure  5. 

The g e o m t r i c  charac te r i s t ics  of the model are given i n  t ab le  I. 

The model consis ts  of a low-aspect-ratio wing mounted In a ai&- 
height location on the fdselage-nacelle combinotion. 
located on the  s ides  of the fuselage, had i n l e t s  which were of the two- 
dimensional, external-compression type u t i l i z i n g  a boundary-layer bleed 
adjacent t o  the fuselage sides. Air was ducted from the  i n l e t s  through 
the nacelles t3 two c i r cu la r  e x i t s  on e i t h e r  side ai' the  fuseiage.  The 
e x i t s  were located forward of the fuselage base. 
were prcvlded f o r  the model and a t tached  t o  t h e  o r i g i n a l  exi t6  extending 
them I W W W E L ~ ~  along the fuselage 88  chow i n  figure8 2(b) and 5 (d )  a 

The nacel les ,  

Nacelle extensions 
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The wing, shown i n  f igure  2 ( a ) ,  has 21.3' sweep of iLe quarter-  
c h r d  l i n e ,  aspect r a t l o  of 3.20, taper  r a t i o  of O.oS, and 9 3.3-percent- 
th ick  biconvex a i r f o i l  sect ion.  The wing  hp_l ti 2 iheGa l  angle of -8'. 

Two bas ic  t .ail arrmgemrr:3 were p - c ~ i d e d  f m  Dk.; model. One 
arrangeqent, ca l led  hereiE the  T-tail ,  consistel; qf a v e r t i c a l  t a i l  of 
aspect r a t i o  o$76 vi',h a quarter-chord line swept b*..cis 60.0' and the  
horizontal  t a i l  located i n  a high posit ion on th. ve r t i ca l  ta i l .  Deta i l s  
of the T - t a i l  co.if iguration a re  shown i n  f i r i * e  3. 
arrangement, callel:  herpin the low t a i l .  donsisted of a v e r t i c a l  t n t l  of 
aspect r a t i o  0.913 i.r:th 2 quart,er-L.h':L.d l i n e  swept back 54.6' and the  
horizontal 
This horizontal  t a i l  was tes ted  with dihe3rsl  a r g k s  of -10.0' and -30.0°. 
Details of the  low-tai l  cotifigurat; In are shown i n  f igu re  4. 
s u m f a c e  a i r f o i l  sect ions were formed by wedge-type leading- and t r a i l i n g -  
e h e  sec t ions  jotnec? with a t.hin paral le l -s tded midsection. 

The second t a i l  

:ail mounted oil +,he lower portion of the nacelle extensions. 

A l l  ta i l -  

The?"tail confi  urat ion WRS tected with a flap-type rudder deflec- 
ted, t o  an angle of 19 
A wedge block was a l s o  provided f o r  one s ide  of the v e r t i c a l  t a i l  of the 
T - t a i l  t o  introduce an e f f ec t  of rudder def lect ion.  The wedge, shown i n  
f igure  3 ,  when attached t o  the  v e r t i c a l  t a i l  formed an angle of 12.0' with 
the chord plene of the v e r t i c a l  tai l .  
fc r  the  v e r t i c a l  t a i l  of the low-tail  configuration. This wedge, shown 
i n  f igure  4, when attached t o  the v s r t i c a l  t a i l  formed an  angle of 30.9' 
w i t n  t he  chcrd plane of the  ve r t i ca l  t a i l .  

Q w i t h  respect t o  the ve r t l ca l - - t a i l  chord plane. 

A wedge block w a s  a l so  provided 

?do arrangements of ventral  f i n s  were invest igated with the T - t a i l  
configuration. 
on the  bottom of the fuselage and ro+yated 30.0' from the  plane of symmetry 
( f i g s .  2( a) and 3).  
f i n  below the  fuselage with the  chord plane i n  t he  plane of synrmetry 
( f j g s .  2 ( a )  a n t  3 ) .  

One arraugement consisted of sua1 vent ra l  f i n s  located 

The other arrangenent consisted of a single ven t ra l  

Forces and moments f o r  the model. were measured by d six-compone,it 
?-nternal strain-gage balance mtached by means cf a s t ing  t o  the tunnel  
support system. Included i n  the tunnel support system w a s  a remotely 
operated adjustable-angle coupling tha t  permitted tests t o  be made at 
var iab le  angles of' a t tack  concurrently with var ia t ions  i n  t h e  a.-.gld of 
si ,deslip.  

TESTS 

Tests were made through nn angle-of-attack ratige chat extended from 
about - ) t o  t o  about 18' at  0' ani. -bo angles of s ides1 . i~ .  
lateral s t a b i l i t y  parameters, incremnts  were taken between lateral  

To obtain the  
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r e s u l t s  obtained at p = 0' 8- I p = -4'. This incremental method of 
obtainixig t h e  la t -era1 stabil . -y parameters through the tingle-of-attack 
range is v a l i d  i f  the lat 
l i nea r  within the rmr  ,If s ides l ip  angles a t  which the tests were made 
( D  = Oo and -4"). ipdicate  th i s  l i r lear i ty  of the l a t e r a l  character- 
i s t i c s  w i t h  anp- df s i d e d i p  as w e l l  as t o  determine the l a t e r a l  char- 
a c t e r i s t i c s  nigher anCi.es of s ides l ip ,  some t e s t s  were a l so  made 
( f o r  angles of a t tack  of Go, 9 O ,  and 18O) through an angle-of-sideslir, 
range that extended from about 4' t o  -18c. me Lests were made generally 
a t  Mach numbers of ~ 6 0 ,  1.90, 2.20, and 2.50. Some configurations were, 
however, investigated at selected cor:ditions of the af xementioned 
a t t i tudes  and Mach numbers. 
various model configurat5.ons i s  presented a6 t ab le  11. 

d1 s t a b i l i t y  Zkaracter is t ics  of the model a re  

A summary of t he  t e s t  conditions f o r  t he  

The test  conditions of s t agmt ionpres su re ,  dynamic presswe,  mid 
Reynolds number corresponding t o  the  test Mach numbers are given i n  thz  
following table:  

M 

1.60 

1.90 

2.20 

2.50 

Stagnation pressure, Dynm.1~ pressure,  Reynolds number 
lh/sq ip. Pbs I lb//sq ft i 

- 
adverse conuersniiun e f f ec t s .  
a t  12>O F for  sll Mach numbers. 

The st -+at ion temperature wea ma' ? c: nec. 

CORRECTIONS AND ACCURACY 

A t  the  time of the tests, the  tunnel had not been c o q l e t ~ e l y  cal-  
ibrated,  and t h e  amount of I'low a n g u k r i t y  was not know,. 
angular i ty  corrections were applied t o  the basic  data. 
been determined that upflow angles of 0.4O, 0.8', 1.5O, and 1 .lo exist 
at Mach numbers of 1.60,. 1.90, 2.20, and 2.50, respectively.  Only t h e  
sununary plots of %,COrr have been corrected for  flow WWlhr i ty .  

Thus, no 
It he8 since 

a&_ 

-.r .. -.--. - 
~~ - - 

The Reynolds number i s  based on the  nesn geometric chord of 2 e  crf.ng. 

The dewpoint for  a l l  t e s t s  w a s  mdntained below -30° F t o  ,+re*--c:iZ, 



The vaximum deviation of l o c a l  Mach number i n  t h e  portion of the 
tli*.2nel occLpied by the moael vas +0.013 from the average values l i s t ed .  
"he ar:gles of attF+cic and s i d e s l i p  have been ccrrected for  t h e  deflec- 
tion of the s 1ppcd-t system under load. 

The estirna ;.ed accuracy of the force and moment coeff ic ients ,  based 
3n Balance c a l  Lbi-ation and repeatabi l i ty  of t he  data, i s  .within the 
followin2 l i n j  ts: 

c r . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0100 

c, .  > . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0010 
.cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0003 

Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '0.0001 
c y .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.OU25 
a , d e q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +o. 1 
p : d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.1 
6,,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to .  i 

& 

Based on the accuracy of these coeff ic ients  and angles and values 
of the parameters measured. t he  est inated accuracy of t he  lateral- param- 
eters conipted from increments o f  coeff ic ients  and ar.gies is: 

C z p .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.0004 

Cnp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0004 

C y p . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +O.OOlj 

PRESENTATION OF RESULTS 

The r e s u l t s  of t h i s  Investigation a re  presented I n  the  following 
f i g u r e s  : 

Figures 

Schlieren photo-raphs . . . . . . . . . . . . . . . . . . . . .  6 t o  8 

Longitudinal aerodynamic CharacterlEtics of 
var ious tail configurations: 
T - t a i l  . . . . . . . . . . . . . . . . .  
T - t a i l  x i t h  dual vent ra l  f i n s  . . . . . .  
T - t a i l ,  Gr = 190 . . . . . . . . . . . .  
T - t a i l  with extended nacel le ,  €ir = 1g0 . 
T-tall.  without horizontal  tail,  6r = 19' 
T - t a i l  with 12O wedge . . . . . . . . . .  

..... . .  Y 

the  model wi%h 

. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  



F i g t e s  

Model without ta l l  . . . . . . . . . . . . . . . . . . . . . .  g(gj 
I ~ J  tz%I, - -IC' . . . . . . . . . . . . . . . . . . . . .  p(h) 

Verticel t a i l  of low-tail  confiGmatior, and jOo wedge 
LOK tail, r: = -300 . . . . . . . . . . . . . . . . . . . . .  s ( i )  

(without  horizontal  t a i l )  . . . . . . . . . . . . . . . . .  3(J! 

S m a r y  of 1ongltudir.d aerodynarric cha rac t e r i s t i c s :  
?-tail u i t h  and without ..-entral f i n s  . . . . . . . . . . . . .  10 
7 - t a . J  and l c w  t a i l  . . . . . . . . . . . . . . . . . . . . .  11 

Suna~~ry  of later& aerodymmiz cha rac t e r i s t i c s :  
T - t a i l  with and without vent ra l  f i n s  . . . . . . . . . . . . .  12 
T-tail and low t a i l  . . . . . . . . . . . . . . . . . . . . .  13 
Rudder effectiveness . . . . . . . . . . . . . . . . . . . . .  14 

DISCVSSION 

Tne 1ongituCinal s t . ab i l i ty  of tte bas i c  'I-taiL conf i p r a t i o n  at; 
nigh angles of attack decreasc3 FapicLy d i t k  ir-,crea:x i n  lift e s e f f i c i e n t  
and became neut ra l  at  a lift coef f ic ien t  of aboiit @:; f c r  a l l  t e s t  !lach 
num3ers (f'ig. :)(a)). c i s  i s  evidently e resriit of az-Jersi. riownwash 
conditiclns trt t h i s  hor izonta l - ta i l  Locaticn since t h s  t.ti!.l-off- 
conf i gwa t ion  pitcking ntOliiCnts %re eszc i - , t i a l ly  l i n e a r  t o  the  highest  
t e s t  lift coeff ic ients  ( f ig .  ~ ( g ) ) .  
I -U q y r e c i a b l e  e f f e c t  on the  .(jitc?.irle-monmt cacfficfents . 
f i g .  gib) .) 
i t y  of the  ?itching-moment curves a t  nigh lift zoef f ic ien ts  mwkedly. 
T?.e pitching-moment curves f o r  thc ic;: :z:l (figs. g(hj ,  9(i), and S(j)) 
'.qere essent ia l ly  l i n e a r  t o  the  higr,e;;t lift coef f ic ien ts  t e s t ed .  The 
l w - t a i l  configuraticn e rh ib i ted  grea te r  longi tudina l  s t a b i l i t y  t h m  t h e  
T- ta i l  a t  the two Mach numbers shown i n  f i v e  -U. 

--.e l y s e  of dual  ve:!t.rai. . f i n s  h a s  
(%? 

Extension of the  micelles ( f i g .  g(d) ) reduced i i i e :  conlinear- 

The d i r ec t iona l  s t a b i l i t y  of all configurations decrease5 with 
increase I n  Mach number Gr angle of e t t a c k  as is  usual.  
of attack, the  sin& and dual  vent ra l  f i n s  were equally e f f ec t ive  i n  
increasing the  d i rec t iona l  s t a b i l i t y  of the  model ( f ig .  12). A t  high 
a n g h s  of a t t sck ,  the s ingle  ven t r a l  f i n s  contr ibuted cOnSider€ikly less 
t o  the d i r ec t iona l  s t a b i l i t y  than the  dua l  f i n s .  
of 2.50, t he  dual f i n s  increased the  a 
t i o n a l  s t a b i l i t y  becomes zero from 10.7 to 16.3O. The low- ta i l  con- 
figuration ( f i g .  13) with either -100 o r  -30G of d ihedra l  ha2 grea te r  
direct ional  s t a b i l i t y  than the T - t a i l  arrangement a t  low angles of a t t ack .  
The reverse was t rue  a t  anglen of a t t a c k  above No. 

A t  low angles 

A t  a Mach number 
l e  of' a t t a c k  a t  which the  direc-  



Rudder effectiveness (fig. 14) fcr the T-tail configuration was 
essentially zero below an angle of attack of 60. As angle of attack was 
increased above this value, the effectiveness increased. The effective- 
ness at 1 G w  angles of attack was improved by rercoval of the horizontal 
tail. 

Lan~ley Research Tenter, 
National Aeronautics and Space Administration, 

Langley Field, Vs., January 14, 1960. 
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M= 1.60 

M= 1.90 

L-60-216 
Fiewe. 6.- Schlieren photographs of a model of a supersonic-bomber con- 

T-tail configu- figuration in the Langley Unitary Plan wind tunnel. 
ration with double ventral f i n s .  $$ = 0'; a = 0'; 8 zz oo. 
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